Methylene blue removal using coconut shell biochar synthesized through microwave-assisted pyrolysis by Nuryana, Dwi et al.
 












METHYLENE BLUE REMOVAL USING COCONUT 
SHELL BIOCHAR SYNTHESIZED THROUGH 
MICROWAVE-ASSISTED PYROLYSIS  
 
Dwi Nuryanaa, Muhammad Fahrul Rahman Alima, Maizatulakmal 
Yahayub, Muhammad Abbas Ahmad Zainib, Raja Safazliana Raja 
Sulongb, Muhammad Fakhrul Syukri Abd Azizb, Haniif 
Prasetiawana, Zainul Akmar Zakariab, Ratna Dewi 
Kusumaningtyasa* 
 
aChemical Engineering Department, Faculty of Engineering, 
Universitas Negeri Semarang, Kampus Sekaran, Gunungpati, 
Semarang 50229 Indonesia  
bSchool of Chemical and Energy Engineering (FCEE), Faculty of 





30 October 2019 
Received in revised form 
24 June 2020 
Accepted 
28 June 2020 
Published online 














Indonesia is the world’s second largest producer of coconut. This at the same time 
resulted in huge generation of coconut shell waste that need to be properly 
managed to prevent environmental contamination such as water, air and soil 
pollution. Current techniques of physical and thermal processing are time and energy 
consuming. This study reports on the conversion of coconut shell biomass into biochar 
using microwave-assisted pyrolysis (MAP). The MAP processes were carried out at 
different microwave power (550-650 W) and residence time (15-25 minutes). Two of 
the highest biochar yields were obtained at 550 W with the residence times of 15 
minutes (91.31 wt%, termed as S1) and 20 minutes (83.88 wt%, termed as S2), 
respectively. Both values were higher than biochar yield obtained using conventional 
pyrolysis process i.e. 30.10 wt%. Both S1 and S2 showed considerable capacity to 
remove 0.6875 mg.g-1 and 0.5165 mg.g-1 methylene blue which had the initial 
concentration of 25 mg.L-1. The adsorption efficiencies of S1 and S2 biochars were 
55.00% and 41.32%, respectively. Results obtained from the FTIR, FESEM and BET 
analysis also supported the methylene blue removal properties of both S1 and S2, 
respectively. As a conclusion, coconut shell showed potential as a useful raw material 
to produce biochar that can be used for methylene blue removal from solution. 
Nevertheless, more investigation need to be carried out prior to commercialization 
venture of the coconut-shell based biochar.  
 




Indonesia merupakan pengeluar kelapa kedua terbesar di dunia. Hal ini turut 
menyebabkan penghasilan sisa tempurung kelapa yang besar yang memerlukan 
pengurusan sewajarnya bagi mengelakkan pencemaran alam sekitar seperti air, 
udara dan tanah. Teknik pemprosesan fizikal dan terma yang digunakan sekarang 
memerlukan penggunaan tenaga dan masa yang tinggi. Kajian ini melaporkan 
penghasilan biochar dari biomas tempurung kelapa dengan menggunakan kaedah 
pirolisis berbantukan-gelombang mikro (PGM). Proses PGM telah dijalankan pada 
kuasa gelombang mikro (550-650 W) dan masa penahanan (15-25 minit) yang 
berbeza. Dua hasil biochar tertinggi telah diperolehi pada 550 W dengan masa 
penahanan 15 minit (91.31 wt%, dilabel sebagai S1) dan 20 minit (83.88 wt%, dilabel 
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sebagai S2), masing-masing. Kedua-dua nilai adalah lebih tinggi dari hasil biochar 
yang diperolehi menggunakan proses pirolisis konvensional i.e. 30.10 wt%. Kedua-dua 
S1 dan S2 menunjukkan kapasiti untuk menjerap 0.6875 mg.g-1 dan 0.5165 mg.g-1 
metilena biru pada kepekatan awal 25 mg.L-1. Efisiensi penjerapan biochar S1 dan S2 
adalah 55.00% dan 41.32%, masing-masing. Keputusan yang diperolehi dari analisis 
FTIR, FESEM dan BET turut menyokong penjerapan metilena biru oleh kedua-dua S1 
dan S2. Sebagai kesimpulan, tempurung kelapa menunjukkan potensi yang baik 
untuk digunakan sebagai bahan mentah bagi penghasilan biochar yang boleh 
digunakan bagi menjerap metilena biru dari larutan. Walau bagaimanapun, lebih 
banyak kajian perlu dilakukan sebelum usaha pengkomersilan biochar berdasarkan 
tempurung kelapa ini boleh diteruskan.  
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Coconut (Cocos nucifera) is the important crop 
estate commodity in tropical region, especially for 
the countries which belong to the Asia and Pacific 
Coconut Commodity (APCC). Among the world’s 
leader in coconut production are Indonesia, 
Philippines, India, Brazil, and Sri Lanka. In Indonesia, 
coconut commodity plays an important role in 
agricultural sector since it is one of the main tree 
crop estates of the nation which significantly supports 
the country’s economy. In this country, coconut has 
been utilized for many commercial purposes, 
especially for making copra and for the production 
of oil and food products. In 2016, the coconut 
production area was 3,544,002 hectares with a total 
production of 2,922,584 tons [1]. An old coconut fruit 
consists of four main components, namely coir, 
coconut shell, coconut meat, and coconut water. 
Generally, mature coconut fruit consists of four main 
components, viz. coir (35%), coconut shell (12%), 
coconut meat (28%), and coconut water (25%) [2]. 
This data implies the high volume of coconut 
commodity wastes, such as coconut shell, as a 
consequence of the high production of coconut 
commodity.  
Plentiful coconut shell waste will cause 
environmental problem if it is not treated 
appropriately. When it is burned in open air, it will 
result in CO2 and methane emission, which are 
among the primary green-house gases in Earth’s 
atmosphere. In fact, coconut shell waste is 
lignocellulosic biomass which can be derived into 
various valuable products, such as biooil [3, 4], 
concrete [5], silver nanoparticles for antibacterial [6], 
syngas, biochar, tar [7, 8], and activated carbon [9]. 
However, in Indonesia, coconut shell waste has not 
been optimally utilized for valuable products. Only a 
portion of the coconut waste has been commercially 
used for making briquette, charcoal, liquid smoke 
and handicraft, and the rest is only burned or thrown 
into the environment, causing pollution problem. 
Thus, the effort to enhance the coconut shell 
conversion into valuable and commercial products is 
crucial for reducing the environmental problem. 
Biochar is among the interesting and prospective 
utilization of coconut shell at commercial scale. The 
most common process of biochar synthesis from 
biomass is through thermochemical conversion in the 
absence or in the limited condition of oxygen. The 
amount of oxygen is controlled to evade the 
extreme biomass oxidation [10]. The conventional 
thermochemical processes to convert biomass to 
biochar are pyrolysis (slow, intermediate, fast, and 
torrefaction), gasification and carbonization. 
However, the conventional pyrolysis process shows 
drawback in term of the long residence time of 
reaction, which triggers the disadvantage in 
economic aspect.  
One of the prospective intensification processes 
of biomass thermochemical conversion is microwave 
assisted pyrolysis (MAP) technology [11]. MAP uses 
the microwave energy as heating source. Compared 
to the conventional pyrolysis which is use 
conventional heating sources, for instance electric 
heater or gas heater, MAP is more efficient [12]. 
Reddy et al. has also reported that MAP provides a 
rapid, selective, and non-contacting energy transfer 
[13]. MAP has recently applied for several process of 
decomposing biomass or other complex materials 
into various products, such as the conversion of rise 
husk to biochar [12], fiberboard to biochar [14], coal 
to blue-coke, coal-tar, and pyrolysis water [15], waste 
plastics and used cooking oil to liquid oil [16], 
bamboo into carbon fiber [17], Lignin to bio-oil [18], 
palm oil fiber to liquid oil [19] and Laminaria digitata 
seaweed to bio-oil [20]. Nonetheless, the application 
of MAP for converting coconut shell into biochar has 
not been investigated yet.  
This study is the first to explore the application of 
microwave-assisted pyrolysis (MAP) technology for 
the production of biochar from coconut shell 
biomass. The specific purposes of this work are: 1) to 
evaluate the effect of main parameters (residence 
time and power of the microwave assisted pyrolysis 
of coconut shell on the biochar yield; 2) evaluating 
the methylene blue adsorption on coconut shell 
biochar; 3) characterization of coconut shell biochar 
to determine its properties.  
 







In this study, coconut shell of Kelapa Dalam Bojong 
Bulat variety (Cocos nucifera) obtained from Bantul 
City, Indonesia was used as the feedstock for biochar 
production. This biomass has water and ash contents 
of 9.99% and 0.38%, respectively. Methylene blue (C.I. 
52015) from Merck, Germany was used to test the 
adsorption performance of coconut shell biochar.  As 
a control, commercial activated carbon granule 
(C1452-32112392) obtained from HmBG Chemicals, 







Prior to the pyrolysis process, coconut shells were 
cleaned to remove the impurities and fibers. To 
reduce the water content, coconut shells were then 
dried under the sunlight for 7 days. The dried coconut 
shells were subsequently reduced in size by using 
hammer mills. Afterwards, sieving process was 
performed to obtain the coconut shell with the 
uniform size of 1.18-2.00 mm. The small size coconut 
shells were dried in the oven for 24 hours before the 
MAP process was carried out. 
 
2.2.2 Microwave Assisted Pyrolysis (MAP) 
 
MAP was carried out using dried coconut shells (10g) 
at various microwave power (550, 600, 650 W) 
between 15-25 minutes (Figure 1). The operation 
condition for each sample is shown in Table 1. 
 






S1 550 15 
S2 550 20 
S3 550 25 
S4 600 15 
S5 600 20 
S6 600 25 
S7 650 15 
S8 650 20 
S9 650 25 
(+) Control   
(-) Control   
 
 
To measure the biochar surface temperature, as 
soon as the MAP process finished, the microwave 
door was opened and the biochar surface was shot 
using an infrared thermometer gun. The yield of 








where Wf is the biochar mass and Wo is the mass of 




Figure 1 Schematic diagram of the MAP process  
 
 
2.2.3 Adsorption Test 
 
The methylene blue (MB) adsorption studies were 
carried out in a series of 500 mL Erlenmeyer flasks 
containing a mixture of 25 mg.L-1 of MB and 1 g of 
biochar in a final volume of 50mL. Adsorption tests 
were carried out for the 9 samples of biochars which 
were produced from the different MAP conditions. As 
control, adsorption process with the similar condition 
which was conducted using commercial activated 
carbon was used as the positive (+) control, and the 
solution which was not underwent adsorption process 
was employed for the negative (-) control. The 
mixtures were shaken on an orbital shaker (Certomat-
R, B. Braun) at 100 rpm for 4 hours. The residual and 
final concentrations of MB were determined using a 
UV-vis spectrophotometer (UV-1800, Shimadzu) with 
the wavelength of 660 nm. The amount of methylene 
blue adsorbed (mg.g-1 biochar) was ascertained 
using Equations 2 and 3.  
 














where C0 is initial concentration of methylene blue 
(25 mg.L-1), Ce is the final concentration of methylene 
blue after the adsorption process (mg.L-1), V is 
volume of methylene blue (L), and m is mass of 
biochar (g). Volume of methylene blue used in the 




The raw coconut shell and the biochar samples 
before and after being used for MB adsorption 
process were characterized for functional group 
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(FTIR), surface morphology (FESEM) and surface area 
properties (BET) using the following procedures. 
Fourier Transform Infrared analysis (FTIR) was used to 
identify the functional groups on the surface of 
biochar using (Nicolet iS10, Thermo Scientific). The 
biochar samples were directly scanned at a 
resolution of 4cm-1 measured between 400-4000 cm-1.  
The FESEM analysis was used to study the 
morphological characteristics of biochar samples. 
This analysis was carried out using Zeiss Supra 40VP, 
Germany at the Materials Science laboratory, Faculty 
of Engineering, Universiti Teknologi Malaysia (UTM). 
SEM holder integrated with electrically conducting 
carbon adhesive tabs was used to mount the 
samples. Then, a 20 nm gold layer was coated to the 
samples before viewing under the electron 
microscope. 
The surface area determination for biochar was 
carried out using surface area and pore analyser 
(Surfer, Thermo Scientific) through multiple-point 
nitrogen (N2) adsorption-desorption isotherm at 77K.  
In this work, the Brunauer, Emmett and Teller (BET) 
technique was applied to find out the specific 
surface area. The micropore surface area and 
volume were identified by the Dubinin and 
Raduskevich method, while Barret-Joyner-Halenda 
(BJH) method was used to reveal the mesopore 
surface area and volume. Furthermore, average Pore 
size was determined using Gurvitch method. 
 
 
3.0 RESULTS AND DISCUSSION 
 
Raw material for biochar production in this work was 
Indonesian coconut shell which has water contents 
of 9.99%. The water content was comparable to the 
data reported in the literature, which are 5.7% [21], 
8.44% [22], and 10.53% [23]. The low water content in 
raw material can increases the carbon (C) content 
of the char [24]. The ash content of the coconut shell 
was 0.38%. It was in the similar order of magnitude to 
the result reported by Windeatt et al. [21] and Yang 
et al. [23], which demonstrated the ash content of 
0.6%. The low ash content in raw material can 
increases the carbon (C) content of the char since 
the high content of ash will inhibit the aromatic 
carbon formation [25]. This raw material 
characteristic demonstrated that coconut shell is 
suitable to be used for biochar synthesis. The coconut 




Figure 2 Indonesian Coconut Shell of Kelapa Dalam Bojong 
Bulat Variety 
3.1 MAP Process  
 
The effects of power and residence time of the 
microwave assisted pyrolysis (MAP) on the biochar 
yield were exhibited in Figure 3. On the other hand, 
the correlation between the temperature of MAP 
and the residence time for different microwave 
power is shown in Figure 4. 
Figure 4 revealed that the reaction temperatures 
were ranging from 126 ℃ to 205.4 ℃. The lower 
residence time and microwave power led to the 
lower reaction temperature. Furthermore, Figure 3 
demonstrated that power and reaction time of MAP 
resulted in significant impact on the coconut shell 
biochar yield. It can be observed in Figure 3 that 
MAP process conducted at the power of 550W for 
15, 20, and 25 minutes provided 91.31 – 70.12 wt % of 
coconut shell biochar. However, when the power 
level of microwave was stepped up to 600 W and 
650 W, the coconut shell biochar yields were 
decreasing with the increase of power and reaction 
time. It can be inferred that biochar yield decreased 
with the power and residence time of MAP. It was 
due to the fact that the higher power of microwave 
was also correlated with the rapid increasing of the 
reaction temperature. Pyrolysis caused the thermal 
degradation of coconut shells into gas, liquid, and 
char products. As depicted in Figure 4, the higher 
power and the longer residence time indicated the 
higher reaction temperature. The higher reaction 
temperature will initiate the higher degradation of 
raw material (lingo-cellulosic biomass), shifting the 
reaction to generate more liquid and gas products 
rather than solid product and reducing the biochar 
yield [26]. 
The coconut shell biochar produced in this work is 
shown in Figure 5. The optimal yield was provided by 
the MAP process conducted at 550 W with the 
residence time of 15 and 20 minutes, resulting in yield 
of 91.31 wt % of biochar (called as S1) and 83.88 wt % 
biochar (called as S2), respectively. Biochar yield 
obtained in this work were higher than biochar 
produced through the conventional method or other 
pyrolysis technologies as presented in Table 2, 




Figure 3 The Effects of Power and Reaction Time of the 
Microwave Assisted Pyrolysis on the Coconut Shell Biochar 
Yield 





Figure 4 Correlation of the Temperature with the Microwave 






Figure 5 Coconut Shell Biochar (CSB) 
 
 
Table 2 Comparison of Biochar Yield from Biomass Using Various Pyrolysis Technologies 
 









Coconut shell Slow pyrolysis 
(tube furnace) 
600  5 28.2 [21] 
Coconut shell Pyrolysis by 
electrical furnace 
400-600  20 32-25.4 [27]  
Coconut shell Conventional slow 
pyrolysis (drum kiln 
furnace) 
 5 h  30.1 [28]  










300-700  30 42-23 [30]  
Coconut shell Microwave 
Assisted Pyrolysis 
126 – 205.4 15-25 
min 
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Additionally, the 9 samples of biochars which were 
resulted at the different microwave power and 
residence time (S1, S2, S3, S4, S5, S6, S7, S8, and S9) 
were then underwent adsorption test using 
methylene blue solution to determine their 
adsorption efficiency. 
 
3.2 Adsorption Test  
 
Adsorption test was conducted using methylene blue 
dyes on the 9 samples of coconut shell biochar (S1, 
S2, S3, S4, S5, S6, S7, S8, and S9) which were 
produced at the different microwave power and 
reaction time. Solution adsorbed using commercial 
activated carbon was used as the positive (+) 
control. On the other hand, solution which didn’t 
undergo adsorption treatment was utilized as the 
negative control. The effectiveness percentage of 
the adsorption was calculated based on the initial 
and final concentration of methylene blue in the 
adsorption process. The adsorption effectiveness of 
each sample was presented in Figure 6. 
 
 
Figure 6 Adsorption effectiveness of bio char samples 
 
 
Figure 6 exhibits that the highest adsorption were 
provided by the positive control (commercial 
activated carbon), S1, and S2 with the amount of 
methylene blue adsorbed were 1.2396 mg.g-1, 0.6875 
mg.g-1, and 0.5165 mg.g-1, respectively and the 
adsorption efficiency were 99.17%, 55.00% and 
41.32%. Therefore, those two types of coconut shell 
biochar (S1 and S2) were characterized using FTIR, 
FESEM, and BET to disclose their properties.  
 
3.3 Characterization  
  
3.3.1 Fourier Transform Infrared (FTIR)  
 
The infrared spectra for CS (coconut shell raw 
material), S1 (sample 1 of biochar), S1’ (sample 1 of 
biochar after being used for the adsorption test), S2 
(sample 2 of biochar), S2’ (sample 2 of biochar after 
being used for the adsorption test) are shown in 
Figure 7, which indicate the wavelength absorption 
representing the presence of different oxygen 
groups, especially carbonyl groups, alcohols and 
phenols, ethers and esters. 
 




Based on the observation, the band with the 
width in the range of 3400-2800 cm-1 referred to the 
hydrogen bond. Adsorption on 3334 cm-1 was 
strongly correlated to the dimer –OH group of 
carboxylic acid. On the other hand, the band with 
the width of 2919 cm-1 was designated the stretching 
vibration of the C–H bond of the methyl and 
methylene groups. The peaks on 2160 cm-1 and 2035 
cm-1 were associated with the various stretching of 
C–H and iso-cyanide. Adsorption band near to 1717 
cm-1 was in accordance with the stretching vibration 
of C=O of the ketone, carboxylic acid, and ester. 
Spectra denoting the stretching of C-C aromatics 
were found on 1597 cm-1 and 1507 cm-1. On the 
other hand, the 1597 cm-1 peak may point to the 
carboxylic acid of the stretching vibration of C–O.  
Coconut shell raw material, biochar sample 1 (S1) 
and biochar sample 2 (S2) showed the stretching of 
C-C aromatics on the 1458 cm-1. However, after 
being used for the adsorption process, it can be 
found that the spectra shifted and merged to 1442 
cm-1, which was defined as the deformation vibration 
of –CH2. Spectra indicating the various nitrogen 
compounds were shown on 1331 cm-1, which was 
correlated to the stretching of N–O. Peak on 1247 
cm-1 is related to the C-O stretching of esters or 
carboxylic acid. Sharp band can be observed on the 
wave number of 1320 –1000 cm-1, with the peak on 
1030 cm-1. It specified the stretching vibration of C-O 
of esters or carboxylic acid. C–H out-of-plane band 
was also found on the 884 cm-1 peak. On the other 
hand, 827 and 768 cm-1 peaks were closely 
correlated with the C-H aromatics group. The similar 
functional groups were also discovered in the various 
products of biochar as reported in the literatures [22], 
[23], [31], [27].  It proved that the biochar has been 
formed during the pyrolysis process using MAP.  
Several peaks after the adsorption process in this 
FTIR results may be found to be shifting compared to 
biochar sample before adsorption process. This 
phenomenon occurred due to the adsorbent-
adsorbate interaction [32, 33]. The hydroxyl (OH) and 
carbonyl (C = O) found on the biochars surface 
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possibly involved in the methylene blue adsorption 
mechanism [34].The reduction of peak intensity can 
also be associated to the degradation of 
hemicelluloses structure [35].  
 
3.3.2 Field Emission Scanning Electron Microscope 
(FESEM)  
  
Characterization using FESEM was conducted for the 
raw material, biochar S1, and biochar S2 before and 
after being employed for the methylene blue 
adsorption process. The FESEM analysis results for the 
coconut shell, biochar S1 before the adsorption, 
biochar S1 after the adsorption, biochar S2 before 
the adsorption, and biochar S2 after the adsorption 
were shown in Figures 8, 9 and 10, respectively. 
It was depicted that the different power and 
pyrolysis residence time brought about the different 
effects on the biochar surface. However, biochar 
sample 1 (S1) and 2 (S2) showed a slight dissimilarity 
with the coconut shell raw material surface as 
presented in Figure 8, 9a, and 10a. It was revealed 
that converting coconut shell raw material into 
biochars could increase the pores size and make 
them more uniform [36]. 
The FESEM images on Figure 9 (a) and 10 (a) 
revealed that the surface of biochars before 
adsorption (S1 and S2) show porous surface with 
irregular pore shape. After the adsorption process, 
the number of pore was reduced. The gaps on the 
biochar surface were partially disappearing. It 
denotes that the pores were locked by the 
methylene blue molecule, indicating the 
effectiveness of the adsorption process of methylene 
blue on the biochar surface. This phenomena agrees 



















Figure 8 Micrograph of raw coconut shell at 2000x magnification 
 
 
(a)  (b) 












Figure 10 Micrograph of biochar-S2(a) before and (b) after MB Adsorption at 2000x magnification 
 
 
3.3.3 Brunauer-Emmett-Teller (BET) 
 
BET analysis was conducted to determine the surface 
area, pore area, and pore volume of the biochar. 
The adsorption-desorption isotherm for the biochar 
sample 1 (S1) and sample 2 (S2) are demonstrated in 
Figures 11 and 12. BET analysis is carried out by 
measuring the adsorption isotherm of the nitrogen 
gas. Based on the BET analysis, it was revealed that 
surface area of the raw material (coconut shell), 
sample 1 (S1) and sample 2 (S2) biochars were 0.4042 
m2.g-1, 0.1983 m2.g-1 and 0.4519 m2.g-1, respectively. It 
denoted that the longer residence time of MAP 
process would result in the higher surface area of 
biochar. Generally, temperature of process is the 
main factor affecting the surface area of biochar. In 
the microwave assisted reaction, the higher 
residence time also correlates with the higher 
temperature of reaction, which implied on the higher 
surface area of the material [37]. The longer time of 
the pyrolysis process will provide more possibility of 
the microwave radiation absorption on the material 
which enhanced the surface area of biochar. 
Additionally, the surface area has strong correlation 
with the porosity. During the pyrolysis process of 
biomass, volatile compounds will leave the material 
and form the pores. The higher porosity of the 
biochar surface was triggered by the increasing 
pressure inside the raw material as the consequence 
of the fast heating. Once the volatile matter 
detached from the inside part of the particle, the 
porosity of the biochar surface will increase and 
leads to the increasing surface area [38].  
The BET analysis also enables to determine the 
pore area and pore volume of the mesopore and 
micropore of biochar. Surface area and porosity of 
raw material (coconut shell) and biochars are 
presented in Table 3. 
The BET test has exhibited that the biochar pores 
consisted of the micro and meso types of pores. 
Table 3 show that biochar S1 which has higher 
surface areas of micropore and mesopore adsorbed 
a higher amount of methylene blue dye (55.00%) 
than biochar S2 (41.32%). The rough texture and the 
heterogeneous distribution of the pores of the 
biochar becomes evidence that biochar is useful for 




Figure 11 BET Adsorption-Desorption Isotherm of Biochar 




Figure 12 BET Adsorption-Desorption Isotherm of Biochar 
Sample 2 (S2) 
 
 
The pore diameter of biochars were also 
adequate for the methylene blue dye adsorption. 
The molecular size of methylene blue is 1.43 nm x 0.61 
nm x 0.4 nm [39] or similar to 3.489 x 10-18 cm3 which 
can be adsorbed using biochar. Other literature 
stated that the methylene blue molecular length is 
1.382 nm or 1.447 nm, with width about 0.95 nm. The 
difference of the length is determined by the 
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location of chlorine ion on the methylene blue 
molecule. The chlorine ion can be linked to the 
intermediate sulfur in the center of molecule, or it is 
connected to the two nitrogen atoms at side. 
Comparing the methylene blue molecule size and 
the pore diameter of biochars, it can be inferred that 
the coconut shell biochar pores are viable for 
methylene blue adsorption [40]. 
 
Table 3 Surface Area and Porosity of Biochars 
 








m2.g-1 0.4042 0.1991 0.4556 
Pore Volume cm3.g-1 0.0028 0.0018 0.0014 
Pore 
Diameter 
nm 27.65 36.30 12.39 
Mesopore     
Volume cm3.g-1 0.0058 0.0043 0.0035 
Area m2.g-1 0.8353 0.6563 0.5741 
Micropore     
Volume cm3.g-1 0.0005 0.00033 0.00026 
Area m2.g-1 1.3956 0.916 0.7294 
 
 
However, the specific surface areas of the 
biochars obtained in this research were lower than 
those exhibited by the other studies. Chahinez et al. 
reported that biochar derived from palm petiole 
exhibited specific surface area of 640 m2.g-1 by the 
pyrolysis at 700℃ [41]. Lawal et al. described that 
biochar synthesized via steam pyrolysis of oil palm 
frond at 500℃ followed by the pulverization process 
resulted in the specific surface area of 406.6 m2.g-1 
[42]. On the other hand, Razali et al. found the 
specific surface area of biochar produced from the 
palm oil trunk pyrolysis at 950℃ was 95.92 m2.g-1 [43]. 
Caballero et al. demonstrated that the specific 
surface area of biochar produced from coconut shell 
waste pyrolysis were ranging from 9.8468 – 15.7544 
m2.g-1 for the pyrolysis temperature of 280 – 420℃ 
[44]. It can be suggested that the specific surface 
area of biochar can be increased by raising the 
pyrolysis temperature. In the case of microwave-
assisted pyrolysis, the increasing of the temperature is 
intensely correlated with the microwave power.  
In addition, it was known that biochar is 
characterized by low surface area. Hence, to 
increase its capacity as adsorbent, it is beneficial to 
conduct the activation process using chemical such 
as sodium carbonate [45]. Besides, the post physical 
treatment such as ultrasound treatment [46] and 
pulverization is also beneficial since it help to create 
new external surface area [42]. 
 
 
4.0 CONCLUSION  
 
It can be concluded that coconut shell can be used 
as raw material to produce biochar which can be 
applied as adsorbent to remove dyes such as 
methylene blue from solution. Microwave pyrolysis 
was also demonstrated as a useful technique to 
convert coconut shell to biochar. Coconut shell 
biochars (S1and S2) revealed good adsorption 
capacity in which the amounts of methylene blue 
adsorbed were 0.6875 mg.g-1 and 0.5165 mg.g-1, 
respectively. On the other hand, the adsorption 
efficiencies of S1 and S2 were 55.00% and 41.32%, 
respectively. However, coconut shell biochar 
performance on methylene blue adsorption should 
be improved since it was lower than commercial 
carbon active which provided adsorption capacity 
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